Abstract Data on efficacy and safety of azacitidine in acute myeloid leukemia (AML) with >30 % bone marrow (BM) blasts are limited, and the drug can only be used off-label in these patients. We previously reported on the efficacy and safety of azacitidine in 155 AML patients treated within the Austrian Azacitidine Registry (clinicaltrials.gov identifier NCT01595295). We herein update this report with a population almost twice as large (n=302). This cohort included 172 patients with >30 % BM blasts; 93 % would have been excluded from the pivotal AZA-001 trial (which led to Hematol (2014) 93:1825-1838 DOI 10.1007/s00277-014-2126 European Medicines Agency (EMA) approval of azacitidine for high-risk myelodysplastic syndromes (MDS) and AML with 20-30 % BM blasts). Despite this much more unfavorable profile, results are encouraging: overall response rate was 48 % in the total cohort and 72 % in patients evaluable according to MDS-IWG-2006 response criteria, respectively. Median OS was 9.6 (95 % CI 8.53-10.7)months. A clinically relevant OS benefit was observed with any form of disease stabilization (marrow stable disease (8.1 months), hematologic improvement (HI) (9.7 months), or the combination thereof (18.9 months)), as compared to patients without response and/ or without disease stabilization (3.2 months). Age, white blood cell count, and BM blast count at start of therapy did not influence OS. The baseline factors LDH >225 U/l, ECOG ≥2, comorbidities ≥3, monosomal karyotype, and prior disease-modifying drugs, as well as the response-related factors hematologic improvement and further deepening of response after first response, were significant independent predictors of OS in multivariate analysis. Azacitidine seems effective in WHO-AML, including patients with >30 % BM blasts (currently off-label use). Although currently not regarded as standard form of response assessment in AML, disease stabilization and/or HI should be considered sufficient response to continue treatment with azacitidine.
Introduction
Acute myeloid leukemia (AML) is an aggressive disease with an unfavorable prognosis [1, 2] . Treatment with curative potential, i.e., conventional chemotherapy and/or allogeneic stem cell transplantation, is rarely an option for elderly patients due to high age, comorbidities, poor performance status, and/or adverse cytogenetics. Azacitidine is approved for AML with 20-30 % bone marrow (BM) blasts. Approval was based on the pivotal AZA-001 trial [3, 4] . Currently, the 001-followup trial (clinicaltrials.gov identifier NCT01074047) is underway with the same design, but limited to patients with >30 % BM blasts, with the aim to widen the indication of azacitidine to AML patients as defined by WHO, i.e., irrespective of BM blast count. Until the results of this trial become available, treatment of AML patients with more than 30 % BM blasts with azacitidine remains an off-label use.
We previously reported on the use, efficacy, and safety of azacitidine in 155 WHO-AML patients treated in a real-life setting. We herein update this report with a population almost twice as large (n=302). The aim of the current publication was to potentially confirm, consolidate, and validate our previous results. The primary endpoint was evaluation of efficacy (i.e., response) of azacitidine in patients with AML defined according to WHO criteria (including patients with >30 % BM blasts). The secondary endpoints were safety (i.e., toxicity and adverse events), overall survival (OS), and statistical analysis of factors known or thought to influence overall survival in order to establish prognostic markers (Table 1 [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] ).
Patients, design, and methods
Between February 2009 and October 2013, 302 AML patients from 14 specialized centers for hematology and medical oncology in Austria were included. Data cleaning/survival analysis cutoff date was 21 January 2014. The sole inclusion criteria were the diagnosis of WHO-AML and treatment with at least one dose of azacitidine. No formal exclusion criteria existed, as the aim was to include all AML patients treated with azacitidine, irrespective of age, comorbidities, and/or number of previous lines of treatment. Informed consent to allow the collection of personal data was obtained for all retrospectively documented patients who were alive, as well as for all prospectively included patients.
Registry design, data collection and monitoring, as well as assessment of efficacy, safety and endpoints within the Austrian Azacitidine Registry were performed as previously described [8, 15] .
Overall response was defined as complete response (CR), marrow complete response (mCR), partial response (PR) (as defined by commonly used AML response criteria [16] ), and hematologic improvement (HI) (as defined by the IWG-MDS-2006 response criteria [17] ). Marrow stable disease (mSD) was defined as failure to achieve at least PR, but no evidence of progressive disease (PD) for >8 weeks. PD was defined as any of the following: (i) ≥50 % decrement from maximum remission/response in granulocytes or platelets, (ii) reduction in hemoglobin by 2 g/dl, (iii) transfusion dependence [17] .
OS was assessed using the Kaplan-Meier method. Univariate analyses were performed with log-rank tests. Cox regression stratified on the various factors was used for analyses of risk factors for OS. Baseline characteristics were compared by nonparametric tests (Chi-squared 
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Patient characteristics
Patient baseline characteristics at azacitidine treatment start can be taken from [18] . In the absence of consensus for cytogenetic classification of AML in the elderly [4, 19] , we additionally assessed the IPSS cytogenetic risk categories [20] ( Table 2 ).
Treatment modalities
Azacitidine was administered as first-line treatment in 46 % of patients; 46 % of patients received azacitidine after insufficient response to, or early relapse after, conventional chemotherapy/allo-SCT (32 %), or other disease modifying treatment (14 %); the remaining patients received azacitidine either as bridging to allogeneic stem cell transplantation (allo-SCT) (3 %) or as maintenance treatment after CR to chemotherapy (4 %). Azacitidine was not always first-line therapy, but also second-, third-, fourth-, fifth-, or last-line therapy for a relevant proportion of our patients: 28 % had received more than one line of conventional chemotherapy prior to azacitidine (Table 2) . A median number of 4 (range 1-37) azacitidine courses were given. Most patients (85 %) received the drug subcutaneously (average dose/cycle, 846 mg), 10 % intravenously (average dose/cycle, 815 mg), and in 5 % both applications forms were used (average dose/cycle, 831 mg); 77 % of patients predominantly received 7 days of azacitidine (53 % European Medicines Agency (EMA)-approved d1-7 (median dose/cycle, 924 mg), 24 % 5-2-2 (median dose/cycle, 910 mg)) (Supplemental Table 1 ). EMA-approved azacitidine target dose (75 mg/m 2 ×7±10 %) was reached in 33 % of applied cycles; 349/2013 (17 %) of all cycles were administered as "flat" dosage (i.e., 100 mg azacitidine/cycle-day; median dose/cycle, 700 mg). Hospitalization for the sole reason of azacitidine application occurred in 47 % of cycles at the discretion of the treating physician, mainly due to concerns with frailty and potential toxicity, and due to logistic reasons for patients living far away from the hospital. Azacitidine treatment dose was modified during treatment in 18 % of patients: dose reductions occurred due to an adverse Table 2 ). The median number of cycles received by responding patients was 8.5 (range 1-37), and 2 (range 1-28) in nonresponders (included patients with SD). Of note, the distribution of applied schedules as well as the median and mean azacitidine dosages/cycle did not differ between responders and non-responders.
Time to response and response deepening Median time to first response was 3.0 months. First response occurred after 3, 4, and 5 cycles in 58, 79, and 88 % of responding patients, respectively, but could be observed as late as cycle 16 in patients with stable disease who were kept on therapy. First response was best response in 99/144 patients (69 %). Median response duration was 3.4 (range 0.3-33.0) months. Further deepening of response after first response (i.e., achievement of BM blast reduction in terms of mCR/ CR/PR after HI) was seen in 45/144 (31 %) of responders. Best response was reached by cycle 9 in 94 %, but could be observed as late as cycle 21. Median time from first to best response was 3.5 (range 0.8-21.5)months.
Toxicity and adverse events A total of 1.031 adverse events (AE) were documented in 2.013 azacitidine cycles. Overall, 24 % of all AE and 20 % of grade 3-4 (G3-4) AE were attributed to azacitidine (Supplemental Table 3 ). Of all AE, 22 % resulted in hospitalization and 9 % resulted in death. Most AE had no consequence for azacitidine treatment (66 %). Dose reduction (5 %), treatment pause (11 %), prolongation of azacitidine cycle duration >28 days (7 %), and/or termination of azacitidine treatment (11 %) were not commonly necessary.
G3-4 hematologic toxicity occurred in 48 %: G3-4 neutropenia, thrombocytopenia, and anemia were documented in 35, 30, and 28 % of patients, respectively; clinically relevant bleeding events were noted in 12 % of patients (Table 3) . Non-hematologic toxicity was usually mild, the most common AE being fatigue (39 %), gastrointestinal (38 %), unspecified pain (30 %), and injection site reactions (22 %). Infectious complications of any grade were documented in 63 %, febrile neutropenia in 19 % (Table 3 ). G3-4 infectious events occurred in 33 % and were dominated by pulmonary infections, sepsis, and fever of unknown origin. Hospital admission was required in 173/423 (41 %) and transfer to an intensive care unit was necessary in 3 % of total infectious events. Treatment with G-CSF, antibiotics, antifungals, and/or virostatics occurred in 18, 86, 22, and 14 %, respectively.
A total of 47 non-hematologic G3-4 events occurred in 33 patients (11 %): 39 (83 %) of these grade 3-4 events occurred in the cardiac system: left ventricular output failure (n=23), arrhythmia (n=7), hypertension (n=5), myocardial infarction (n =3), angina pectoris (n=1). In 20/33 (61 %) patients experiencing cardiac G3-4 events, pre-existing coronary artery disease, reduced cardiac function, arrhythmias, and/or valvular heart disease were documented prior to azacitidine treatment and worsening was not thought to be azacitidinerelated.
Overall survival and potential prognostic parameters
Median OS was 9.6 (95 % CI 8.53-10.7)months as from initiation of treatment with azacitidine in the entire cohort. Median progression-free survival in responding patients was 9.1 (0.9-39.9)months. Progression defining events were death due to any reason, disease progression, disease relapse after response, and/or new cytogenetic aberration/clonal evolution. Median OS was 16.1 months for responders (defined as CR/ mCR/PR/HI) and 3.7 months for non-responders. Median time from first diagnosis to treatment start with azacitidine for untreated (n = 139) versus pre-treated with diseasemodifying treatment (n=163) patients was 0.6 and 7.1 months, respectively. Median time from azacitidine treatment stop to death was 1.9 months in the entire cohort. Reasons for cessation of azacitidine in patients receiving ≤2 cycles of azacitidine (n=101, 33.4 %) were death (n=48), disease progression (n=20), patient's wish (n=9), toxicity or recurrent infectious complications (n=5), allo-SCT (n=2), and others (n=13); 41/101 receiving ≤2 cycles died within 1 month of treatment termination, and a further 35 died within 6 months.
In line with our previous results [8] , the following baseline factors did not significantly affect overall survival: gender, age </≥75, age </≥80, WHO-AML-type, WBC count </≥10 G/l, WBC count </≥15 G/l, WBC count </≥30 G/l, neutrophil count <1,000/μl, lymphocyte count <2,000/μl, RBC-TD, BM blast count ≤30/>30 % (irrespective of whether the whole cohort or only patients treated with azacitidine first line were analyzed), serum erythropoietin level, as well as prior treatment with ESA, G-CSF, iron chelators, low-dose Ara-C, or hydroxyurea (Supplemental Table 4 and Fig. 1a-h ). When looking at responding patients only, WHO-AML type, WBC count, and treatment according to EMA label had no significant effect on survival (Supplemental Table 4 ).
Time-dependent factors that did not affect overall survival include the following: EMA target dose (p=0.213), treatment schedule, dose/cycle, and platelet-doubling after one cycle (Supplemental Table 4 ). The following toxicity and adverse eventsrelated factors had no effect on overall survival: bleeding events, febrile neutropenia, surgery, non-hematologic toxicity, falls, and pain due to any reason (Supplemental Tables 1 and 4) .
In multivariate analysis, the following baseline factors remained independent adverse predictors for OS: LDH >225 U/l, ECOG ≥2, number of comorbidities (as predefined by the HCT-CI [21] ) >3, and monosomal karyotype. The following treatment-related factors that remained independent predictors for OS in multivariate analysis were as follows: AZA first-line treatment, hematologic improvement, and further deepening of response after first response; best marrow response (p=0.642) did not meet the 0.05 significance level for inclusion in the multivariate analysis; azacitidine pause due to adverse events was associated with longer OS in multivariate analysis; dose reduction due to adverse events (p=0.051) and fatigue limiting self-care (p=0.053) were borderline significant in multivariate analysis (Figs. 2 and 3 , and Supplemental Table 5 ). 
Discussion
This is the largest so far published number of azacitidinetreated WHO-AML patients, with the highest per capita coverage of AML patients in a nationwide registry, suggesting limited selection (Table 1, Supplemental Table 7 ). Data on the efficacy of azacitidine in AML with >30 % BM blasts are limited, and the drug can only be used off-label in these patients (Table 1 [ [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] ). We report on 302 WHO-AML patients treated with azacitidine. This cohort included 172 In order to exclude a potential time-dependent bias regarding both the choice of AML patients for treatment with azacitidine, as well as inclusion in the Austrian Azacitidine Registry, we compared all relevant baseline characteristics, treatment modalities, as well as response rates, and the occurrence of adverse events of our previously published cohort (n=155; data cutoff 21 January 2012) [8] with the current cohort (n=302, data cut off 21 January 2014). No significant difference could be found for any of these characteristics (Supplemental Table 6 ). With this nearly twice as large cohort, we confirm and validate the safety and efficacy of azacitidine in WHO-AML patients treated in a real-life setting. The observed median OS of 9.6 months and the high overall response rates (48 % ITT) seem remarkable, particularly since (i) the registry included many elderly (43 % ≥75 years), comorbid (79 %), and/or pretreated patients (62 %); (ii) 33 % of patients received ≤2 cycles of azacitidine (reasons therefore listed in the "Results" section); (iii) 82 % of our registry population would have been excluded from the AZA-001 registration trial due to an estimated life expectancy <3 months, ECOG >2, t-AML, prior treatment, or planned allo-SCT [3, 4] . If BM blast count >30 % is also taken into account, 93 % would have been excluded.
Furthermore, virtually all of our prior results [8] regarding the statistical value of various factors on OS are confirmed by the present analysis. Slight discrepancies are mentioned below and in Table 4 . In addition to the parameters looked at previously, we analyzed the putative prognostic effect of plateletdoubling after cycle 1, monosomal karyotype, and disease stabilization, as these factors have emerged to be of interest only recently [12, 13, 22] . This is the first report to analyze the effect of plateletdoubling after cycle 1 on OS in AML patients treated with azacitidine. Statistical significance was not observed (Supplemental Table 4 ).
We confirm the recently introduced monosomal karyotype (MK) [23] to be the strongest adverse cytogenetic predictor for OS (even outperforming the categories "complex karyotype" and "MDS-related cytogenetic abnormalities" [22] [23] [24] ) (Figs. 2 and 3a-b, Supplemental Table 5 ). We extend these findings to the new WHO classification and show that azacitidine cannot overcome the adverse outcome conferred by the presence of MK. Outcome in patients with MK is not only dismal with azacitidine but also with induction therapy and/or allogeneic stem cell transplantation [22] . Therefore, clinical trials are urgently needed for this patient subgroup.
We confirm our previous results [8] that a certain amount of aplasia induction seems necessary before response occurs, and that further deepening of response after first response (i.e., achievement of BM blast reduction in terms of mCR/CR/PR after HI) translates into significantly longer OS (21.4 months), compared with patients for whom first response was best response (12.6 months) (Figs. 2 and 3e, Supplemental Table 5 ). This underlines the importance of continuing azacitidine treatment if or when HI occurs, even in the absence of marrow response. Patients experiencing HI had significantly longer OS than those who did not (16.1 vs. 4.5 months) ( Fig. 3d and Supplemental analysis. The former remained an independent prognostic factor for OS in multivariate analysis, whereas the latter did not ( Fig. 2 and Supplemental Table 5 ). This seems of clinical relevance, as hematologic improvement is not generally considered sufficient response in AML patients. Very recently, the French group reported no survival benefit for patients achieving HI in addition to stable disease [12] . However, the authors state that (i) only those patients not achieving mCR/CR/PR were analyzed for HI; (ii) HI was only assessed when patients were evaluable for these parameters; (iii) it is not stated how many patients were not evaluable for HI or how SD was defined (i.e., marrow SD or hematologic SD). In our cohort, OS was significantly better for patients achieving mCR/CR/ PR with HI (20.5 months), followed by mSD with HI (18.9 months), mCR/CR/PR without HI (15.0 months), HI without mSD (9.7 months), mSD without HI (8.1 months), and not unexpectedly, OS was worst for patients with progressive disease or who received less than 3 cycles of azacitidine (3.2 months) (Supplemental Table 5 ). We thus confirm and extend the observations of the French group [12] as follows: It seems that achievement of any form of disease stabilization, be it mSD or HI alone, and especially the combination thereof (without the requirement of concomitant BM blast reduction, but with the minimal requirement of mSD), is sufficient to confer a clinically relevant OS benefit. In our opinion and clinical experience, we thus consider disease stabilization to be sufficient "response" to continue treatment with azacitidine, although we are aware of the fact that this is currently not regarded as a standard form of response assessment in AML (Fig. 3f) . In our experience, disease stabilization is lost rapidly once treatment with azacitidine is stopped (median time to death, 1.9 months). Thus bearing the lack of therapeutic alternatives in mind, we continue azacitidine treatment until overt clinical disease progression. In order to facilitate the comparison of our previous and current results with data obtained from much smaller cohorts, we provide an in-depth comparison of all published multivariate analyses on putative prognostic factors for OS of WHO-AML patients treated with azacitidine (including results from the present study) ( Table 4) . Only one baseline factor remained a significant adverse predictor for OS in all multivariate analysis (4/4) in which baseline factors were analyzed, namely ECOG/WHO performance score (Table 4) . Thus, the ability of patients to function in everyday life seems to be the most important predictor of OS in elderly AML patients treated with azacitidine. In line with this, the absolute number of comorbidities, which was borderline significant in our previously published smaller cohort of AML patients (n= 155) [8] , was confirmed to be an independent adverse predictor of OS in our larger present cohort (n=302) (Fig. 2, Table 4 , and Supplemental Table 5) .
Although not unexpected, we show for the first time in multivariate analysis-thus confirming our clinical experience and notion-that prior disease-modifying treatment is an adverse predictor of OS for AML patients treated with azacitidine. In multivariate analysis, patients receiving azacitidine first line had significantly longer overall survival than pretreated patients (12.9 vs. 7.5 months) (Figs. 2 and 3c , Supplemental Table 5) .
Age, gender, AML type, and transfusion dependence prior to azacitidine had no significant effect on OS in all reports in which these factors were analyzed (Table 4, Supplemental  Table 4 , and Fig. 1c, d ). As azacitidine is still not approved for the treatment of AML patients with >30 % BM blasts, we were particularly interested to see that the percentage of BM blasts had no significant effect on OS in this off-label treated patient subgroup (n=172), which is in line with observations by others with smaller patient numbers (Fig. 1a, b , Table 4 , and Supplemental Table 4 ).
The present report confirms that WHO-AML type does not seem to adversely predict OS. We conclude that AML patients with MDS-related features, or therapy-related AML, should not be precluded from treatment with azacitidine. The latter seems clinically relevant, especially in light of the fact that these AML subgroups are generally considered to have worse prognosis and to be less responsive to conventional chemotherapy.
The prognostic relevance of elevated WBC ≥15 G/l currently remains unclear and conflicting results exist (Table 4) . Several statistical issues remain open in the two publications describing a significant adverse effect of WBC ≥15 G/l on OS in multivariate analysis: (i) in the Dutch cohort, this variable was not significant in univariate analysis (p=0.11), but was nevertheless included in multivariate analysis. Furthermore, 95 % CI were not given for multivariate results [14] ; (ii) the univariate p values used for entry of the variables into the multivariate model (p<0.15 [14] and p<0.85 [25] , respectively) were less stringent than in the present publication (p<0.05), which could not find an adverse effect of elevated WBC, irrespective of which cutoff value was used (</≥10, </ ≥15, or </≥30 G/l (Supplemental Table 4 and Fig. 1e, f) ).
Neither azacitidine schedule (5 vs. 7 days) nor dosage (<vs. = 75 mg/m 2 /day) had a significant effect on OS in 3/3 reports in which these factors were analyzed (Table 4, Supplemental  Table 4 , and Fig. 1g, h ). Thus, alternative schedules and dosages seem safe and without loss of efficacy, and receiving the drug regularly and continuously until overt clinical progression occurs is likely more relevant than the absolute dosage per day or number of days per cycle.
In conclusion, we confirm that azacitidine is safe and effective in elderly, comorbid AML patients treated in an everyday life setting, irrespective of BM blast count.
